Mediated learning is a unique cognitive phenomenon in which mental representations of physically absent stimuli enter into associations with directly-activated representations of physically present stimuli. Three experiments investigated the functional physiology of mediated learning involving the use of odor-taste associations. In Experiments 1a and 1b, basolateral amygdala lesions failed to attenuate mediated taste aversion learning. In Experiment 2, dorsal hippocampus inactivation impaired mediated learning, but left direct learning intact. Considered with past studies, the results implicate the dorsal hippocampus in mediated learning generally, and suggest a limit on the importance of the basolateral amygdala.
Introduction
Broadly, studies of associative learning and memory tend to focus on situations in which an innocuous stimulus is directly associated with a harmful or rewarding stimulus (i.e., direct learning). However, learning situations for humans often do not involve direct experience with a biologically-significant unconditioned stimulus (US; e.g., shock, food, etc.) Instead, symbols and surrogates are used to evoke and sometimes fabricate mental representations of real-world biologically significant stimuli. Understanding this cognitive process is important because it is critical for abstract learning, and a potential source of cognitive dysfunction in mental illness (McDannald & Schoenbaum, 2009; McDannald et al., 2011) . As such, nonhuman animal models of representationmediated learning are valuable for exploring the functional neurophysiology that underlies this unique class of learning.
Nonhuman (or nonverbal) animal models of mediated learning require subjects to learn about a stimulus in its absence, based on the activation of a robust mental representation of that stimulus (e.g., Cuevas, Rovee-Collier, & Learmonth, 2006; Dwyer, 1999; Holland, 1981 Holland, , 1990 . In a typical mediated-learning paradigm, a stimulus is paired with an unconditioned stimulus (US) serially or in a simultaneous compound. According to associative-learning theories the subsequent presentation of the CS alone elicits a robust representation of the US, which is the foundation of certain goal-directed forms of conditioned responding. If, during a presentation of the CS alone, a new US is presented that is likely to enter into an association with the absent US, but not the present cue, (i.e., selective associability; Garcia & Koelling, 1966) , the absent US can form an association with the new US. This phenomenon has been observed by Holland (1981) as well as Dwyer (1999, 2001) in situations involving taste aversion. In their experiments, auditory and visual stimuli (Holland) or contexts (Dwyer) were initially paired with rewarding tastes. When the CSs were later paired with LiCl-induced illness, they served as surrogates for their associated taste stimuli. These CSs did not form any appreciable firstorder association with an illness, but the associatively-activated taste representations did support taste-aversion learning.
The current studies were designed to investigate the brain structures involved in mediated learning of taste aversions. Based on its critical role in the representation of sensory aspects of gustatory rewards in behavioral paradigms (see Holland & Gallagher, 2004) such as responding to reinforcer devaluation (e.g., Hatfield, Han, Conley, Gallagher, & Holland, 1996) , the effect of reinforcerselective Pavlovian cues on instrumental performance (e.g., Corbit & Balleine, 2005) , and the differential outcomes effect (e.g., Blundell, Hall, & Killcross, 2001) , Dwyer and Killcross (2006) investigated the role of the basolateral amygdala (BLA) in mediated learning. They found that permanent lesions of the BLA attenuated mediated taste-aversion learning. Despite these precedents for involvement of the BLA in representational function in learning, we found no effects of BLA lesions in the following experiments. Thus, we examined the role of another region that has been
